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TITLE OF THE INVENTION 
SEMICONDUCTOR INTEGRATED CIRCUIT HAVING CLOCK 
SYNCHRONOUS TYPE CIRCUIT AND CLOCK NON- SYNCHRONOUS TYPE 
CIRCUIT 

5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2000-297705, filed September 28, 2000, 
the entire contents of which are incorporated herein by 
10 reference. 

BACKGROUND 

The present invention relates to a semiconductor 
integrated circuit formed by mounting, on one chip, 
a clock synchronous type circuit that operates 

15 synchronously with a clock signal and a clock 

non-synchronous type circuit that operates 
asynchronously with a clock signal. 

Recently, with advances in process technology, a 
great reduction in the size of semiconductor devices 

20 and a great increase in packing density have been 

achieved. With this achievement, an overall system can 
be mounted on one chip by mounting a plurality of 
functional blocks on the chip. 

Under the circumstances, a semiconductor 

25 integrated circuit has also been implemented, which is 

formed by mounting, on one chip, a clock synchronous 
type circuit that operation synchronously with a clock 
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signal and a clock non-synchronous type circuit that 
operates asynchronously with a clock signal. 

In a semiconductor integrated circuit on which 
both a clock synchronous type circuit and clock 
5 non-synchronous type circuit are mounted, since data 

cannot be directly exchanged between the clock 
synchronous type circuit and the clock non-synchronous 
type circuit, a storage circuit (latency control 
circuit) capable of setting a so-called latency is 

10 placed between the two circuits. 

In this case, "latency" indicates a latency period 
between the instant at which data is output from the 
clock non-synchronous type circuit and the instant at 
which the data is input to the clock synchronous type 

15 circuit, and is generally expressed by the number of 

clocks (letting one period of a clock signal be one 
clock) . 

Data is therefore exchanged between the clock 
synchronous type circuit and the clock non-synchronous 
20 type circuit through the storage circuit. 

SUMMARY 

According to the aspect of the present invention, 
there is provided a semiconductor integrated circuit 
comprising a clock non-synchronous type circuit for 
25 performing data read operation on the basis of a read 

control signal and outputting read data from a data 
output node asynchronously with a clock signal, a clock 



synchronous type circuit for receiving the read data 
through a data input node in synchronism with the clock 
signal, a plurality of data storage circuits connected 
in parallel between the data output node and the data 
input node, a first transfer timing determining circuit 
for selecting one of the plurality of data storage 
circuits and transferring the read data output from the 
clock non-synchronous type circuit to the selected one 
data storage circuit, and a second transfer timing 
determining circuit for selecting one of the plurality 
of data storage circuits and transferring the read data 
stored in the selected one data storage circuit to the 
clock synchronous type circuit. The first transfer 
timing determining circuit transfers the read data on 
the basis of a first control signal representing that 
the read data is output from the clock non-synchronous 
type circuit. The second transfer timing determining 
circuit transfers the read data on the basis of a 
second control signal synchronous with the clock signal. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a storage 
circuit as a reference example; 

FIG. 2 is a timing chart showing a first example 
of operating waveforms in the storage circuit in 
FIG. 1; 

FIG. 3 is a timing chart showing a second example 
of operating waveforms in the storage circuit in 



FIG. 1; 

FIG. 4 block diagram showing a storage circuit 
according to a reference example; 

FIG- 5 is a timing chart showing a first example 
of operating waveforms in the storage circuit in 
FIG . 4; 

FIG. 6 is a timing chart showing a second example 
of operating waveforms in the storage circuit in 
FIG. 4; 

FIG. 7 is a block diagram showing a storage 
circuit according to the first embodiment of the 
present invention; 

FIG. 8 is a block diagram showing a circuit for 
generating a control signal RLPLS; 

FIG. 9 is a timing chart showing a first example 
of operating waveforms in the storage circuit in 
FIG. 7; 

FIG. 10 is a timing chart showing a second example 
of operating waveforms in the storage circuit in 
FIG. 7; 

FIG. 11 is a block diagram showing a storage 
circuit according to the second embodiment of the 
present invention; 

FIG. 12 is a timing chart showing a first example 
of operating waveforms in the storage circuit in 
FIG. 11; 

FIG. 13 is a timing chart showing a second example 



of operating waveforms in the storage circuit in 
FIG. 11; 

FIG. 14 is a block diagram showing a storage 
circuit according to the third embodiment of the 
present invention; 

FIG. 15 is a timing chart showing a first example 
of operating waveforms in the storage circuit in 
FIG. 14; 

FIG. 16 is a timing chart showing a second exampl 
of operating waveforms in the storage circuit in 
FIG. 14; 

FIG. 17 is a block diagram showing a storage 
circuit according to the fourth embodiment of the 
present invention; 

FIG. 18 is a timing chart showing a first example 
of operating waveforms in the storage circuit in 
FIG. 17; 

FIG. 19 is a timing chart showing a second exampl 
of operating waveforms in the storage circuit in 
FIG. 17; 

FIG. 20 is a timing chart showing a first example 
of operating waveforms in the storage circuit in the 
third embodiment of the present invention; and 

FIG. 21 is a timing chart showing a second exampl 
of operating waveforms in the storage circuit in the 
third embodiment of the present invention. 



DETAILED DESCRIPTION 
A semiconductor integrated circuit according to 
the aspect of the present invention will be described 
in detail below with reference to the accompanying 
drawings . 

1. Reference Example 

A storage circuit for setting a latency will be 
described first. 

FIG. 1 shows a reference example of a storage 
circuit for setting a latency. 

This example is based on the premise that the 
latency is set to "3". In general, to realize a 
latency "N (N is a natural number)" by a storage 
circuit, the storage circuit must have (N - 1) latch 
circuits. In this example, therefore, a storage 
circuit 11 for determining a latency has two latch 
circuits (Ll, L2) 3. 

More specifically, the two latch circuits 3 are 
connected in series between the data output node of a 
clock non-synchronous type circuit 1 and the data input 
node of a clock synchronous type circuit 2. A 
switching circuit (SI) 4 is connected between the data 
output node of the clock non-synchronous type circuit 1 
and the latch circuit (Ll) 3. A switching circuit (S2) 
4 is connected between the latch circuit (Ll) 3 and the 
latch circuit (L2) 3. A switching circuit (S3) 4 is 
connected between the latch circuit (L2) 3 and the data 



input node of the clock synchronous type circuit 2. 

Transfer timing determining circuits (Gl, G2 G3) 5 
are arranged in correspondence with the switching 
circuits (SI, S2, S3) 4. The transfer timing 
determining circuit (Gl) 5 generates a control signal 
PSi for controlling the switching circuit (SI) 4 on the 
basis of a clock signal Clock. The transfer timing 
determining circuit (G2) 5 generates a control signal 
PSo for controlling the switching circuit (S2) 4 on the 
basis of the clock signal Clock. The transfer timing 
determining circuit (G3) 5 generates a control signal 
PO for controlling the switching circuit (S3) 4 on the 
basis of the clock signal Clock. 

A read control signal READ for controlling the 
read operation of reading data from the clock 
non-synchronous type circuit 1 is input to the clock 
non-synchronous type circuit 1. This read control 
signal READ is, for example, generated from the clock 
signal Clock and synchronous with the clock signal 
Clock. 

In the above storage circuit, when, for example, a 
predetermined delay time td determined by the 
performance of the clock non-synchronous type circuit 1 
has elapsed since the leading edge of the read control 
signal READ, read data RD is output from the data 
output node of the clock non-synchronous type circuit 1. 
This delay time td is irrelevant to a period tclk or 



frequency fclk (= 1/tclk) of the clock signal Clock, 
and data transfer may not be reliably performed 
depending on the relationship in magnitude between the 
two values. 

The relationship between the delay time td and the 
period tclk of the clock signal Clock will therefore be 
described below with reference to the timing charts of 
FIGS. 2, 3, 5, and 6. 
(1) td < tclk 

FIG . 2 shows a timing chart applied to this case. 

Assume that the period tclk of the clock signal 
Clock is longer than the delay time td. In this case, 
after the read data RD (= DO, Dl, D2) are output from 
the clock non-synchronous type circuit 1, the read data 
RD can always be stored in the storage circuit 11 (QRi) 
in accordance with the control signal PSi generated 
from the first clock. 

Since the control signal PSo generated from the 
second clock rises ("L" -» "H") after the control 
signal PSi generated from the first clock, the read 
data RD (= DO, Dl, D2) can be properly transferred to a 
node QRo. Therefore, the read data RD can be 
accurately transferred to the clock synchronous type 
circuit 2 while a predetermined latency ("3" in this 
example) is ensured. 
(2) td > tclk 

FIG. 3 shows a timing chart applied to this case. 



Assume that the period tclk of the clock signal 
Clock is shorter than the delay time td, i.e., the 
operating frequency is increased. In this case, the 
control signal PSo generated from the second clock may 
r i se ( " l " -» "H") before the first read data RD (= DO) 
is received by a node QRi in accordance with the 
control signal PSi generated from the first clock. 

In this case, since a state (undefined) before the 
reception of the read data RD (= DO) exists in the node 
QRi, this undefined state is transferred to the node 
QRo by the control signal PSo generated from the second 
clock. That is, in this case, the read data RD cannot 
be accurately transferred to the clock synchronous type 
circuit 2 while a predetermined latency ("3" in this 
example) is ensured. 

Note that the read data RD is output from the 
clock non-synchronous type circuit 1 the predetermined 
delay time td after the leading edge of the read 
control signal READ. The switching circuits SI, S2, 
and S3 respectively transfer the read data RD from the 
input side to the output side in response to the 
leading edges of the control signals PSi, PSo, and PO. 

Note that the problem in the case of td > tclk can 
be solved by obtaining the ratio (td/tclk) of the delay 
time td to the period tclk of the clock signal Clock in 
advance and inhibiting the use of the control signal 
PSo for determining a transfer timing in accordance 



with this ratio. 

At this time, since it is known in advance that 
the control signal PSo is not used, the storage circuit 
shown in FIG. 1 must be changed into the storage 
circuit shown in FIG. 4 by decreasing the number of 
latch circuits in the storage circuit 11 by one. 

In the storage circuit having the arrangement 
shown in FIG. 4, however, when a control signal PS is 
made to rise after one clock signal Clock immediately 
after an edge A of the read control signal READ is 
output, a new problem arises in the case of td < tclk 
(when the operating frequency decreases) . 

The relationship between the delay time td in the 
storage circuit in FIG. 4 and the period tclk of the 
clock signal Clock will therefore be described below. 
(1) td > tclk 

FIG. 5 shows a timing chart applied to this case. 
If the period tclk of the clock signal Clock is 
shorter than the delay time td (1 ^ td/tclk < 2) , the 
level of the control signal PS for storing the read 
data RD in the storage circuit 11 rises ("L" — » "H") 
after skipping one clock signal Clock immediately after 
the read control signal READ is input. 

Since one clock signal Clock immediately after the 
read control signal READ is input is skipped, the read 
data RD (= DO, Dl, D2) are always stored in the storage 
circuit 11 after the data are output from the clock 



non-synchronous type circuit 1. Therefore, the read 
data RD can be accurately transferred to the clock 
synchronous type circuit 2 while a predetermined 
latency ("3" in this example) is ensured. 
(2) td < tclk 

FIG. 6 shows a timing chart applied to this case. 

Assume that the period tclk of the clock signal 
Clock is longer than the delay time td, i.e., the 
operating frequency is decreased. In this case, when 
the first read data RD (= DO) is output from the clock 
non-synchronous type circuit 1, the level of the 
control signal PS for storing the read data RD in the 
storage circuit 11 rises ("L" -> "H"). Therefore, data 
is normally stored in the storage circuit 11. 

However, since the control signal PO for 
outputting the read data RD from the storage circuit 11 
causes one clock signal Clock to skip immediately after 
the read control signal READ is input, the read data RD 
(= DO) in the storage circuit 11 changes into the next 
read data RD (= Dl) before the read data RD is output 
from the storage circuit 11. 

That is, before the read data RD (= DO) is output 
from the storage circuit 11, the next read data RD 
(= Dl) is received by a node QR of the storage circuit 
11 in accordance with the control signal PS to 
overwrite the read data RD (= DO) previously received 
by the node QR. As a result, the first read data RD 
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(= DO) is not output to a node Q. 

As described above, the first read data RD (= DO) 
output from the clock non-synchronous type circuit 1 is 
stored in the storage circuit 11, but is overwritten by 
the read data RD (= Dl) in the storage circuit 11. 
Consequently, the first read data is not output from 
the storage circuit 11. In this case, therefore, the 
read data RD cannot be accurately transferred to the 
clock synchronous type circuit 2 while a predetermined 
latency ("3" in this example) is ensured. 

As described above, when the read data RD is 
output from the clock non-synchronous type circuit the 
predetermined delay time td after the leading edge of 
the read control signal READ synchronous with the clock 
signal Clock, the storage circuit cannot accurately 
transfer the read data unless the timings of the 
control signal PSi generated from the clock signal 
Clock and the control signal PSo for determining a 
transfer timing are maintained constant or the control 
signal PSo is not used. 
2. First Embodiment 

FIG. 7 shows a storage circuit (latency control 
circuit) according to the first embodiment of the 
present invention . 

This embodiment is based on the premise that the 
latency is set to "N (N is a natural number)". The 
storage circuit of the present invention has N latch 



circuits (Rl, R2,..., RN) 3 to realize the latency "N" . 
However, the latency "N" is irrelevant to the number 
"N" of latch circuits. In general, if a storage 
circuit has N latch circuits, the latency can be set to 
an arbitrary value equal to or less than N+l. 

The N latch circuits (Rl, R2,..., RN) 3 are 
connected in parallel between the data output node of a 
clock non-synchronous type circuit (e.g., a block 
having a DRAM function) 1 and the data input node of a 
clock synchronous type circuit 2. A switching circuit 
(Sll) 4 is connected between the data output node of 
the clock non-synchronous type circuit 1 and the latch 
circuit (Rl) 3. A switching circuit (S12) 4 is 
connected between the latch circuit (Rl) 3 and the data 
input node of the clock synchronous type circuit 2. 

Likewise, a switching circuit (SN1) 4 is connected 
between the output node of the clock non-synchronous 
type circuit 1 and the latch circuit (RN) 3. A 
switching circuit (SN2) 4 is connected between the 
latch circuit (RN) 3 and the data input node of the 
clock synchronous type circuit 2. 

A transfer timing determining circuit 6 is 
provided for the switching circuits (Sll, S21,..., SNl) 
4, and a transfer timing determining circuit 7 is 
provided for the switching circuits (S12, S22,..., 
SN2) 4. 

The transfer timing determining circuit 6 



generates control signals PI<1>, PI<2>, . . . , PN<N> for 
controlling the operations of the switching circuits 
(Sll, S21,..., SN1) on the basis of a control signal 
RLPLS output from the clock non-synchronous type 
circuit 1. 

The control signal RLPLS is a signal representing 
that read data RD is output from the clock 
non-synchronous type circuit 1. This signal is unique 
to the present invention. According to the prior art 
(FIGS. 1 and 4), the operation of each switching 
circuit is controlled by a clock signal Clock. In the 
present invention, the operation of each switching 
circuit (Sll, S21,..., SN1) 4 is controlled by the 
control signal RLPLS. 

Since the control signals PI<1>, PI<2>, . . . , PKN> 
sequentially rise ("L" -> "H") in synchronism with the 
control signal RLPLS, the switching circuits (Sll, 
S21,..., SN1) 4 transfer the read data RD from the 
input side to the output side in response to the 
leading edges of the control signals PI<1>, PI<2>, . . . , 
PKN>. 

Since the control signal RLPLS is a signal 
representing that the read data RD is output from the 
clock non-synchronous type circuit 1, the read data RD 
must be output from the clock non-synchronous type 
circuit 1 at the same time or immediately before or 
after the read data RD is output. 



For this purpose, for example, as shown in FIG. 8, 
the clock non-synchronous type circuit 1 may 
incorporate an RLPLS generating circuit 8 for 
generating the control signal RLPLS on the basis of a 
read control signal READ and a delay circuit 9 for 
delaying the control signal RLPLS by a predetermined 
time. The delay time in the delay circuit 9 is set to 
a value that is equal or slightly less than the time 
interval between the instant at which a memory cell of 
a memory cell array 10A is selected by a peripheral 
circuit 10B and the instant at which the read data RD 
in the selected memory cell is output from the clock 
non-synchronous type circuit 1. 

The transfer timing determining circuit 7 generate 
control signals P0<1>, P0<2>, . . . , PO<N> for controlling 
the operations of the switching circuits (S12, S22,..., 
SN2) 4 on the basis of a control signal PO synchronous 
with the clock signal Clock- The control signals P0<1>, 
P0<2>, P0<2>, PO<N> sequentially rise ("L" -> "H") 
in synchronism with the clock signal Clock. 
Consequently, the switching circuits (S12, S22,..., 
SN2) 4 transfer the read data RD from the input side to 
the output side in response to the leading edges of the 
control signals P0<1>, P0<2>, P0<2>, . . . , PO<N>. 

In the above storage circuit (latency control 
circuit), the latch circuits (Rl, R2,..., RN) 3 are 
connected in parallel between the clock non-synchronous 



type circuit 1 and the clock synchronous type circuit 2. 
The switching circuits (Sll, S21,..., SN1) 4 distribute 
the read data (DO, Dl,..., DN) RD to the latch circuits 
(Rl, R2,..., RN) 3. 

In this case, in the storage circuit of the 
present invention, the distribution of the read data 
(DO, Dl,..., Dn) RD to the latch circuits (Rl, R2,..., 
RN) 3 is controlled by the control signal RLPLS. The 
control signal RLPLS is a signal representing that the 
read data RD is output from the clock non-synchronous 
type circuit 1, and does not always coincide with the 
timing of the clock signal Clock unlike the prior art. 

For this reason, read data from the clock 
non-synchronous type circuit can be accurately 
distributed to the latch circuits in the storage 
circuit and can also be input the clock synchronous 
type circuit in synchronism with a clock signal 
regardless of the relationship between the period (or 
frequency) of a clock signal and the time interval 
between the instant at which read operation starts (a 
read control signal rises) and the instant at which 
read data is output. 

That is, according to the storage circuit (latency 
control circuit) , data can be accurately transferred 
from the clock non-synchronous type circuit to the 
clock synchronous type circuit in any operating 
frequency band. 
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The operation of the storage circuit (latency 
control circuit) in FIG. 7 will be described next. 

For the sake of a simple description, assume that 
the latency is set to "3", i.e., N = 3. 
(1) td > tclk 

FIG. 9 shows a timing chart applied to this case. 
(T) Read Data Input Operation 

First of all, the read control signal READ 
synchronous with the clock signal Clock is generated on 
the basis of the clock signal Clock. 

The read data RD (DO, Dl, D2, D3, D4 ) are output 
from the clock non-synchronous type circuit 1 a delay 
time td after a first leading edge A of the read 
control signal READ. These read data RD (DO, Dl, D2, 
D3, D4) are sequentially input to the latch circuits 
(Rl, R2, R3) 3 in the storage circuit 11. 

In this case, in the storage circuit 11 according 
to the present invention, the read data RD (DO, Dl, D2, 
D3, D4) are input to the latch circuits (Rl, R2, R3) 3 
in the storage circuit 11 on the basis of the control 
signal RLPLS regardless of the clock signal Clock. 

When, for example, the read data RD (DO) is output, 
the control signal RLPLS representing that the read 
data RD is output is immediately set at high level. 
Subsequently, the control signal PI<1> is set at high 
level by the transfer timing determining circuit 6. As 
a consequence, the read data RD (DO) is input to the 



latch circuit (Rl) 3 through the switching circuit 
(Sll) 4. 

Likewise, the read data RD (Dl, D2) are input to 
the latch circuits (R2, R3) 3. In this case, the 
number of latch circuits 3 is three. Therefore, the 
read data RD (D3, D4) are input to the latch circuits 
(Rl, R2) 3. 

In this case, the read data RD is latched in one 
latch circuit for an interval corresponding to three 
periods (three clocks) of the control signal RLPLS. 
That is, the read data RD may be output from the 
storage circuit 11 in synchronism with the clock signal 
Clock within this interval in consideration of the 
latency an the relationship between td and tclk. 

According to this input operation of the read data 
RD (DO, Dl, D2, D3, D4 ) , even if the period tclk of the 
clock signal Clock is shorter than the delay time td 
(the operation frequency is increased) , the control 
signals PI<1>, PI<2>, and PI<3> for inputting the read 
data RD into the storage circuit 11 are always set at 
high level ("L" -> "H") after the read data RD (DO, Dl, 
D2, D3, D4) are output from the clock non-synchronous 
type circuit 1. 

This therefore prevents the state (undefined) of 
the output node of the clock non-synchronous type 
circuit before outputting of the read data RD (DO, Dl, 
D2, D3, D4) from being input to the storage circuit 11 



when the period tclk of the clock signal Clock is 
shorter than the delay time td. 
(D Read Data Output Operation 

First of all, a PO generating circuit 7A generates 
the control signal PO synchronous with the clock signal 
Clock on the basis of the clock signal Clock. The 
transfer timing determining circuit 7 sequentially sets 
the control signals P0<1>, P0<2>, and P0<3> at high 
level on the basis of the control signal PO. 

When, for example, the control signal P0<1> is set 
at high level by the transfer . timing determining 
circuit 7, the read data RD (DO) latched in the latch 
circuit (Rl) 3 is output outside the storage circuit 11 
through the switching circuit (S12) 4. 

Likewise, when the control signals PO<2> and PO<3> 
are set at high level, the read data RD (Dl, D2) are 
output from the storage circuit 11. In this case, 
since the number of latch circuits is three, the read 
data RD (D3, D4) are output from the latch circuits (Rl, 
R2) to the outside of the storage circuit 11. 

In this case, the read data RD is latched in one 
latch circuit for an interval corresponding to three 
periods (three clocks) of the control signal RLPLS. 
That is, the read data RD may be output from the 
storage circuit 11 in synchronism with the clock signal 
Clock within this interval in consideration of the 
latency and the relationship between td and tclk. 



As described above, according to the present 
invention, even if the frequency tclk of the clock 
signal Clock is shorter than the delay time td, the 
read data RD can be accurately transferred from the 
clock non-synchronous type circuit 1 to the clock 
synchronous type circuit 2 while a predetermined 
latency ("3" in this case) is ensured. 
(2) td < tclk 

FIG. 10 shows a timing chart applied to this case. 
® Read Data Input Operation 

First of all, the read control signal READ 
synchronous with the clock signal Clock is generated on 
the basis of the clock signal Clock. 

The read data RD (DO, Dl, D2) are output from the 
clock non-synchronous type circuit 1 the delay time td 
after the first leading edge A of the read control 
signal READ. These read data RD (DO, Dl, D2) are 
sequentially input to the latch circuits (Rl, R2, R3) 3 
in the storage circuit 11. 

In the storage circuit 11, the read data RD (DO, 
Dl, D2) are input to the latch circuits (Rl, R2, R3) 3 
in the storage circuit 11 on the basis of the control 
signal RLPLS regardless of the clock signal Clock. 

When, for example, the read data RD (DO) is output, 
the control signal RLPLS representing that the read 
data RD is output is immediately set at high level. 
Subsequently, the control signal PI<1> is set at high 



level by the transfer timing determining circuit 6, and 
the read data RD (DO) is input to the latch circuit 
(Rl) 3 through the switching circuit (Sll) 4. 

Likewise, the read data RD (Dl, D2) are input to 
the latch circuits (R2, R3) - 

According to the input operation of the read data 
RD (DO, Dl, D2), even if the period tclk of the clock 
signal Clock is longer than the delay time td (the 
operating frequency is decreased) , the control signals 
PI<1>, PI<2>, and PI<3> for inputting the read data RD 
into the storage circuit 11 are always set at high 
level ("L" -> "H") after the read data RD (DO, Dl, D2) 
are output from the clock non-synchronous type 
circuit 1 . 

This embodiment can therefore prevent the 
following operation. The first read data RD (DO) is 
not input to the storage circuit 11, but the read data 
RD (Dl) is input to the storage circuit 11 first when 
the period tclk of the clock signal Clock is longer 
than the delay time td. 

This also prevents the state (undefined) of the 
output node of the clock non-synchronous type circuit 
after outputting of all the read data RD from being 
input to the storage circuit 11. 
(2) Read Data Output Operation 

First of all, a PO generating circuit 7A generates 
the control signal PO synchronous with the clock signal 



Clock on the basis of the clock signal Clock. The 
transfer timing determining circuit 7 sequentially sets 
the control signals P0<1>, P0<2>, and PO<3> at high 
level on the basis of the control signal PO. 

When, or example, the control signal P0<1> is set 
at high level by the transfer timing determining 
circuit 7, the read data RD (DO) latched in the latch 
circuit (Rl) 3 is output outside the storage circuit 11 
through the switching circuit (S12) 4. 

Likewise, when the control signals P0<2> and P0<3> 
are set at high level, the read data RD (Dl, D2) are 
output outside the storage circuit 11. 

As described above, according to the present 
invention, even if the frequency tclk of the clock 
signal Clock is longer than the delay time td, the read 
data RD can be accurately transferred from the clock 
non-synchronous type circuit 1 to the clock synchronous 
type circuit 2 while a predetermined latency ("3" in 
this case) is ensured. 
3 . Second Embodiment 

A storage circuit (latency control circuit) 
according to this embodiment is an application example 
of the storage circuit in FIG. 7, and characterized in 
that a read state holding circuit is added to the 
circuit to output read data from the storage circuit 
with a predetermined latency. 

A storage circuit according to this embodiment 



will be described below. 

FIG. 11 shows a storage circuit (latency control 
circuit) according to the second embodiment of the 
present invention. 

This embodiment is based on the premise that the 
latency is set to "N (N is a natural number)". To 
realize the latency "N", the storage circuit of the 
present invention has (2 X N) latch circuits (Lll, 
L21,..., LN1, L12, L22,..., LN2) 13 each having a 
switching function . 

In this embodiment, as in the first embodiment 
described above, the latency "N" is irrelevant to the 
number "2 X N" of latch circuits. In general, if a 
storage circuit has (2 X N) latch circuits, the latency 
can be set to an arbitrary value of N + 1 or less. 

Although this embodiment uses the latch circuits 
(Lll, L21,..., LN1, L12, L22,..., LN2) 13 each having 
the switching function, circuits such as flip-flop 
circuits each having the same function as that of a 
latch circuit having a switching function may be used. 

The latch circuits (Lll, L21,..., LNl, L12, 
L22,..., LN2) 13 are combined into pairs. Each pair of 
latch circuits are connected in series between the 
output node of a clock non-synchronous type circuit 
(e.g., a block having a DRAM function) 1 and the input 
node of a clock synchronous type circuit 2. 

There are N series circuits each constituted by 



two latch circuits. These N series-connected circuits 
are connected in parallel between the output node of 
the clock non-synchronous type circuit 1 and the input 
node of the clock synchronous type circuit 2. 

In this embodiment, since each latch circuit (Lll, 
L21,..., LN1, L12, L22,..., LN2) 13 has the switching 
function, there are no switching circuits like those in 
the storage circuit in FIG. 7. However, this 
embodiment may use latch circuits and switching 
circuits like those shown in FIG . 7 instead of 
the latch circuits (Lll, L21,..., LN1, L12, L22,..., 
LN2) 13. 

A transfer timing determining circuit 6 is 
provided for the latch circuits (Lll, L21,..., LNl) 13 
each having the switching function, and a transfer 
timing determining circuit 7 is provided for the latch 
circuits (L12, L22,..., LN2) 13 each having the 
switching function . 

The transfer timing determining circuit 6 
generates control signals PI<1>, PI<2>, . . . , PKN> for 
controlling the operations of the latch circuits (Lll, 
L21,..., LNl) 13 each having the switching function on 
the basis of a control signal RLPLS output from the 
clock non-synchronous type circuit 1. 

In this case, the control signal RLPLS is a signal 
representing that read data RD is output from the clock 
non-synchronous type circuit 1 and unique to the 



present invention. In the reference example (FIGS. 1 
and 4), the operation of each switching circuit is 
controlled by the clock signal Clock. In the present 
invention, the operation of each latch circuit (Lll, 
L21,..., LN1) 13 having the switching function is 
controlled by the control signal RLPLS. 

Since the control signals PI<1>, PI<2>, . . . , PKN> 
are sequentially set at high level ("L" -> "H") in 
synchronism with the control signal RLPLS, the latch 
circuits (Lll, L21,..., LNl) 13 each having the 
switching function sequentially receive the read data 
RD in response to the leading edges of the control 
signals PI<1>, PI<2>, . . . , PKN>. 

The control signal RLPLS is a signal representing 
that the read data RD is output from the clock 
non-synchronous type circuit 1. Naturally, the read 
data RD must be output from the clock non-synchronous 
type circuit 1 at the same time or immediately after 
the read data RD is output. As circuits for this 
operation, for example, an RLPLS generating circuit 8 
and delay circuit 9 like those shown in FIG. 8 may be 
arranged in the clock non-synchronous type circuit 1, 
as in the first embodiment described above. 

A read state holding circuit 12 generates a 
control signal RDST which is kept at "H" during read 
operation based on a read control signal READ and clock 
signal Clock. This control signal RDST is generated in 



consideration of a latency and the relationship between 
td and tclk. That is, the timing at which read data is 
output from a storage circuit 11 is determined by the 
control signal RDST. 

The control signal RDST is input to a PO 
generating circuit 7A. The PO generating circuit 7A 
generates a control signal PO on the basis of the clock 
signal Clock and control signal RDST. 

The transfer timing determining circuit 7 
generates control signals P0<1>, P0<2>, . . . , PO<N> for 
controlling the operations of the latch circuits (L12, 
L22,..., LN2) 13 on the basis of the control signal PO 
synchronous with the clock signal Clock. 

Since the control signals P0<1>, P0<2>, . . . , PO<N> 
are sequentially set at high level ("L" -> "H") in 
synchronism with the clock signal Clock, the latch 
circuits (L12, L22,..., LN2) 13 sequentially receive 
the read data RD in response to the leading edges of 
the control signals P0<1>, P0<2>, . . . , PO<N>. 

At the same time, the latch circuits (L12, L22,..., 
LN2) 13 sequentially output the read data RD from the 
storage circuit 11. 

In the storage circuit (latency control circuit) 
described above, the distribution of read data to the 
latch circuits is controlled by the control signal 
RLPLS, as in the storage circuit according to the first 
embodiment. The control signal RLPLS is a signal 



representing that the read data RD is output from the 
clock non-synchronous type circuit 1, and does not 
always coincide with the timing of the clock signal 
Clock. 

For this reason, read data from the clock 
non-synchronous type circuit can be accurately 
distributed to the latch circuits in the storage 
circuit and can also be input the clock synchronous 
type circuit in synchronism with a clock signal 
regardless of the relationship between the period (or 
frequency) of a clock signal and the time interval 
between the instant at which read operation starts (a 
read control signal rises) and the instant at which 
read data is output. 

The storage circuit of this embodiment has a read 
state holding circuit- This read state holding circuit 
generates the control signal RDST which is kept at "H" 
during read operation. That is, since the number of 
read data read out from the clock non-synchronous type 
circuit can be checked, the control signal PO having 
the same clock count as that of the control signal 
RLPLS (equal to the clock count of the read control 
signal READ) is generated, and data can be accurately 
transferred from the clock non-synchronous type circuit 
to the clock synchronous type circuit in accordance 
with the control signal PO. 

Since the timing at which read data is output from 
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the storage circuit is determined by the control signal 
RDST, this control signal REST influences the latency. 
The control signal RDST is therefore generated in 
consideration of a latency and the relationship between 
5 td and tclk. 

According to the storage circuit (latency control 
circuit) of the present invention, data can be 
accurately transferred from the clock non-synchronous 
type circuit to the clock synchronous type circuit in 
10 any operating frequency band. 

The operation of the storage circuit (latency 
control circuit) in FIG. 11 will be described next. 

For the sake of a simple description, assume that 
the latency is set to "3", i.e., N = 3. 
15 (1) td > tclk 

FIG. 12 shows a timing chart applied to this case. 
<D Read Data Input Operation 

The read control signal READ synchronous with the 
clock signal Clock is generated on the basis of the 
20 clock signal Clock. Data read operation is performed 

in the clock non-synchronous type circuit 1 in 
accordance with the read control signal READ. 

The read data RD (DO, Dl, D2, D3, D4) are output 
from the clock non-synchronous type circuit 1 the delay 
25 time td after a first leading edge A of the read 

control signal READ. These read data RD (DO, Dl, D2, 
D3, D4) are sequentially input to the latch circuits 
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(Lll, L21, L31) 13 in the storage circuit 11. 

In this case, in the storage circuit 11 of the 
present invention, the read data RD (DO, Dl, D2, D3, 
D4) are input to the latch circuits (Lll, L21, L31) 13 
5 in the storage circuit 11. 

When, for example, the read data RD (DO) is output, 
the control signal RLPLS representing that the read 
data RD is output is immediately set at high level. 
Subsequently, when the control signal PI<1> is set at 
10 high level by the transfer timing determining circuit 6, 

the latch circuit (Lll) 13 is ready to receive data. 
As a consequence, the read data RD (DO) is input to the 
latch circuit (Lll) 13. 

Likewise, the read data RD (Dl, D2) are input to 
15 the latch circuits (L21, L31) 13. In this embodiment, 

the number of series circuits connected in parallel is 
three. The read data RD (D3, D4) are therefore input 
to the latch circuits (Lll, L21) 13. 

In this embodiment, the read data RD is kept 
20 latched in one latch circuit for an interval 

corresponding to three periods (three clocks) of the 
control signal RLPLS. That is, the read data RD may be 
extracted from the storage circuit 11 in synchronism 
with the clock signal Clock within this interval in 
25 consideration of a latency and the relationship between 

td and tclk. 

According to such input operation for the read 



- 30 - 



data RD (DO, Dl, D2, D3, D4) , even if the period tclk 
of the clock signal Clock is shorter than the delay 
time td (operating frequency is increased) , the control 
signals PI<1>, PI<2>, and PI<3> for inputting the read 
5 data RD into the storage circuit 11 are always set at 

high level ("L" — ► "H") after the read data RD (DO, Dl, 
D2, D3, D4) are output from the clock non-synchronous 
type circuit 1. 

This prevents the state (undefined) of the output 
10 node of the clock non-synchronous type circuit before 

outputting of the read data RD (DO, Dl, D2, D3, D4) 
from being input to the storage circuit 11 when the 
period tclk of the clock signal Clock is shorter than 
the delay time td. 
15 (1) Read Data Output Operation 

First of all, the read state holding circuit 12 
checks read operation in the clock non-synchronous type 
circuit 1, and generates the control signal RDST that 
is kept at "H" for a period corresponding to the 
20 duration of the read operation. The PO generating 

circuit 7A then generates the control signal PO by, for 
example, ANDing the control signal RDST and the clock 
signal Clock. 

That is, the latency can be controlled by shifting 
25 the period of "H" level of the control signal RDST (the 

length of the period of "H" level depends on the number 
of read data) . Since this embodiment is based on the 



premise that the latency is "3", the control signal 
RDST is kept at "H" in the interval between the first 
leading edge (point A) of the read control signal READ 
and the next leading edge. 

The transfer timing determining circuit 7 
sequentially sets the control signal P0<1>, P0<2>, and 
P0<3> at high level on the basis of the control signal 
PO. 

When, for example, the control signal P0<1> is set 
at high level by the transfer timing determining 
circuit 7 , since the latch circuit (L12) 13 is read to 
receive the read data RD (DO), the read data RD (DO) in 
the latch circuit (Lll) 13 is transferred to the latch 
circuit (L12) 13, and the read data RD (DO) is 
transferred as output data Q to the clock synchronous 
type circuit 2. 

Likewise, when the control signals PO<2> and PO<3> 
are set at high level, the read data RD (Dl, D2) are 
output from the storage circuit 11. In this embodiment, 
since the number of series circuits connected in 
parallel is set to three, the read data RD (D3, D4) are 
output from the latch circuits (L12, L22) to the 
outside of the storage circuit 11. 

In this embodiment, the read data RD is kept 
latched in one latch circuit in an interval corre- 
sponding to three periods (three clocks) of the control 
signal RLPLS. That is, the read data RD may be output 
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from the storage circuit 11 in synchronism with the 
clock signal Clock within this interval in 
consideration of a latency and the relationship between 
td and tclk. 

According to the present invention, even if the 
period tclk of the clock signal Clock is shorter than 
the delay time td, the read data RD can be accurately 
transferred from the clock non-synchronous type circuit 
1 to the clock synchronous type circuit 2 while a 
predetermined latency ("3" in this embodiment) is 
ensured. 
(2) td < tclk 

FIG. 13 shows a timing chart applied to this case. 
® Read Data Input Operation 

First of all, the read control signal READ 
synchronous with the clock signal Clock is generated on 
the basis of the clock signal Clock. 

The read data RD (DO, Dl, D2) are then output from 
the clock non-synchronous type circuit 1 the delay time 
td after the first leading edge A of the read control 
signal READ. These read data RD (DO, Dl, D2) are 
sequentially input to the latch circuits (Lll, L21, 
L31) 13 in the storage circuit 11. 

In the storage circuit 11 of the present invention, 
the read data RD (DO, Dl, D2) are input to the latch 
circuits (Lll, L21, L31) 13 in the storage circuit 11 
on the basis of the control signal RLPLS regardless of 
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the clock signal Clock. 

When, for example, the read data RD (DO) is output, 
the control signal RLPLS representing that the read 
data RD is output is immediately set at high level. 
Subsequently, when the control signal PI<1> is set at 
high level by the transfer timing determining circuit 6, 
the latch circuit (Lll) 13 is ready to receive the read 
data RD (DO) . As a consequence, the read data RD (DO) 
is input to the latch circuit (Lll) 13. 

In the same manner as described above, the read 
data RD (Dl, D2) are input to the latch circuits (L21, 
L31) 13. 

According to such input operation for the read 
data RD (DO, Dl, D2) , even when the period tclk of the 
clock signal Clock is longer than the delay time td, 
(the operating frequency is decreased) , the control 
signals PI<1>, PI<2>, and PI<3> for inputting the read 
data RD into the storage circuit 11 are always set at 
high level ("L" -> "H") after the read data RD (DO, Dl, 
D2) are output from the clock non-synchronous type 
circuit 1. 

This embodiment can therefore prevent the 
following operation. The first read data RD (DO) is 
not input to the storage circuit 11, but the read data 
RD (Dl) is input to the storage circuit 11 first when 
the period tclk of the clock signal Clock is longer 
than the delay time td. 



This also prevents the state (undefined) of the 
output node of the clock non-synchronous type circuit 
after outputting of all the read data RD from being 
input to the storage circuit 11. 
(2) Read Data Output Operation 

First of all, the read state holding circuit 12 
generates the control signal RDST that is kept at "H" 
level for a period corresponding to the duration of 
read operation. 

The PO generating circuit 7A generates the control 
signal PO on the basis of the control signal RDST and 
clock signal Clock. The transfer timing determining 
circuit 7 sequentially sets the control signals P0<1>, 
P0<2>, and P0<3> on the basis of the control signal PO. 

When, for example, the control signal P0<1> is set 
at high level by the transfer timing determining 
circuit 7 , the latch circuit (L12) 13 is ready to 
receive read data. As a consequence, the read data RD 
(DO) in the latch circuit (Lll) 13 is transferred to 
the latch circuit (L12) 13, and the read data RD (DO) 
is transferred as the output data Q to the clock 
synchronous type circuit 2. 

Likewise, the read data RD (Dl, D2) are output 
from the storage circuit 11 when the control signals 
P0<2> and P0<3> are set at high level. 

As described above, according to the present 
invention, even if the frequency tclk of the clock 
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signal Clock is longer than the delay time td, the read 
data RD can be accurately transferred from the clock 
non-synchronous type circuit 1 to the clock synchronous 
type circuit 2 while a predetermined latency ("3" in 
5 this case) is ensured. 

4 . Third Embodiment 

The storage circuit (latency control circuit) 
according to this embodiment is a modification of the 
storage circuit in FIG. 11 and characterized in that 
10 the area of the storage circuit is reduced by 

decreasing the number of latch circuits (or flip-flop 
circuits) each having a switching function. 

The storage circuit according to this embodiment 
will be described below. 
15 FIG. 14 is shows the storage circuit (latency 

control circuit) according to the third embodiment of 
the present invention. 

In this embodiment, the latency is set to "N (N is 
a natural number not less than 3)". The storage 
20 circuit of the present invention has two latch circuits 

(Lie, Llo) 13e and 13o each having a switching function 
on the input stage, and one latch circuit (L2) 13q 
having a switching function on the output stage. 

Although this embodiment uses the latch circuits 
25 (Lie, Llo, L2) 13e, 13o, and 13q each having the 

switching function, circuits such as flip-flop circuits 
each having the same function as that of a latch 



circuit having the switching function may be used. 

The two latch circuits (Lie, Llo) 13e and 13o on 
the input stage alternately latch read data RD output 
from a clock non-synchronous type circuit 1 (e.g., a 
block having a DRAM function) . The output nodes of the 
latch circuits (Lie, Llo) 13e and 13o are connected to 
the input node of the latch circuit (L2) 13q on the 
output stage through a selection circuit (e.g., a 
multiplexer) 14. 

The selection circuit 14 has the function of 
transferring one of data QRe in the latch circuit (Lie) 
13e and data QRo in the latch circuit (Llo) 13o to the 
latch circuit (L2) 13q. 

Of the reference symbols in FIG. 14, the suffixes 
"e" and "o" respectively represent an even number 
(even) including 0 and an odd number (odd) . 

In this embodiment, latch circuits and switching 
circuits like those shown in FIG. 7 may replace the 
latch circuits (Lie, Llo, L2) 13e, 13o, and 13q each 
having a switching function. 

A transfer timing determining circuit 6 is 
provided for the two latch circuit s(Lle, Llo) 13e and 
13o each having the switching function on the input 
stage, and a transfer timing determining circuit 7 is 
provided for one latch circuit (L2) 13q having the 
switching function on the output stage. 

The transfer timing determining circuit 6 
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generates control signal Pie and PIo for controlling 
the operations of the latch circuits (Lie, Llo) 13e and 
13o each having the switching function on the basis of 
a control signal RLPLS output from the clock 
non-synchronous type circuit 1. 

In this case, the control signal RLPLS is a signal 
representing that the read data RD is output from the 
clock non-synchronous type circuit 1 and unique to the 
present invention. According to the reference example 
(FIGS. 1 and 4), the operation of each switching 
circuit is controlled by the clock signal Clock. In 
the present invention, the operations of the latch 
circuits (Lie, Llo) 13e and 13o, each having a 
switching function, are controlled by the control 
signal RLPLS. 

Since the control signals Pie and PIo are 
sequentially and alternately set at high level ("L" -> 
"H") in synchronism with the control signal RLPLS, the 
read data RD are alternately received by latch circuits 
(Lie, Llo) each having the switching function in 
response to the leading edges of the control signals 
Pie and PIo. 

The control signal RLPLS is a signal representing 
that the read data RD is output from the clock 
non-synchronous type circuit 1. Naturally, the read 
data RD must be output from the clock non-synchronous 
type circuit 1 at the same time or immediately after 



the read data RD is output. As circuits for this 
operation, for example, an RLPLS generating circuit 8 
and delay circuit 9 like those shown in FIG. 8 are 
arranged in the clock non-synchronous type circuit 1, 
as in the first embodiment described above. 

A read state holding circuit 12 generates a 
control signal RDST which is kept at "H" during read 
operation based on a read control signal READ and clock 
signal Clock. This control signal RDST is generated in 
consideration of a latency and the relationship between 
td and tclk. That is, the timing at which read data is 
output from a storage circuit 11 is determined by the 
control signal RDST. 

The control signal RDST is input to a PO 
generating circuit (transfer timing determining 
circuit) 7A. The PO generating circuit 7A generates a 
control signal PO on the basis of the clock signal 
Clock and the control signal RDST. 

For example, the control signal PO can be obtained 
by ANDing the clock signal Clock and the control signal 
RDST. That is, the control signal PO is synchronous 
with the clock signal Clock and is constituted by only 
a clock count corresponding to a data read count in the 
clock non-synchronous type circuit 1. 

The latch circuit (L2) 13q on the output stage 
sequentially receives the read data RD output from the 
selection circuit 14 in response to the leading edge of 



the control signal PO. At the same time, the latch 
circuit (L2) 13q sequentially outputs the read data RD 
to a clock synchronous type circuit 2. 

A PS generating circuit 15 generates the control 
signal PS for controlling the operation of the 
selection circuit 14 on the basis of the control signal 
PO. For example, the PS generating circuit 15 changes 
the level of the control signal PS from "L" to "H" or 
from "H" to "L" in response to the trailing edge of the 
control signal PO. 

If, for example, the control signal PS is set at 
"L", the selection circuit 14 selects the read data QRe 
(DO, D2, D4) latched in the latch circuit (Lie) 13e, 
and transfers the data to the latch circuit (L2) 13q. 
If the control signal PS is at "H", the selection 
circuit 14 selects the read data QRo (Dl, D3) latched 
in the latch circuit (Llo) 13o, and transfer the data 
to the latch circuit (L2) 13q. 

In this embodiment, the two latch circuits (Lie, 
Llo) are arranged on the input stage of the storage 
circuit 11. In general, however, three or more latch 
circuits may be arranged. In this case, the latency 
can be set to a value larger than "3", and only one 
latch circuit (L2) 13q on the output stage is required. 
This makes it possible to reduce the circuit area. 

In the above storage circuit (latency control 
circuit), as in the storage circuits according to the 



first and second embodiments, the distribution of read 
data to the latch circuits is controlled by the control 
signal RLPLS. This control signal RLPLS is a signal 
representing that the read data RD is output from the 
clock non-synchronous type circuit 1, and does not 
always coincide with the timing of the clock signal 
Clock unlike the prior art. 

For this reason, the read data in the clock 
non-synchronous type circuit can always be accurately 
distributed to the latch circuits in the storage 
circuit and can be input to the clock synchronous type 
circuit in synchronism with a clock signal regardless 
of the relationship between the period (or frequency) 
of the clock signal and the time interval between the 
instant at which read operation is started (the read 
control signal is set at high level) and the instant at 
which the read data is output. 

The storage circuit according to this embodiment 
has a read state holding circuit. This read state 
holding circuit generates the control signal RDST that 
is kept at "H" during read operation. That is, since a 
data read count in the clock non-synchronous type 
circuit can be checked, the control signal PO having 
the same clock count as that of the control signal 
RLPLS (equal to the clock count of the read control 
signal READ) is generated, and data can be accurately 
transferred from the clock non-synchronous type circuit 



- 41 - 



to the clock synchronous type circuit in accordance 
with the control signal PO. 

In this embodiment, two latch circuits each having 
a switching function are arranged on the input stage of 
5 the storage circuit to alternately distribute read data 

sequentially output from the clock non-synchronous type 
circuit to the two latch circuits. In this case, the 
latency is limited to three or less. However, since 
the number of latch circuits can be decreased, the area 

10 of the storage circuit can be reduced. 

As described above, according to the storage 
circuit (latency control circuit) of the present 
invention, data can be accurately transferred from the 
clock non-synchronous type circuit to the clock 

15 synchronous type circuit in any operating frequency 

band. 

The operation of the storage circuit (latency 
control circuit) in FIG. 14 will be described next. 

For the sake of a simple description, assume that 
20 the latency is set to "3", i.e., N = 3. 

(1) td > tclk 

FIG. 15 shows a timing chart applied to this case. 
(D Read Data Input Operation 

First of all, the read control signal READ 
25 synchronous with the clock signal Clock is generated on 

the basis of the clock signal Clock. Data read 
operation is performed in the clock non-synchronous 



type circuit 1 in accordance with the read control 
signal READ. 

The read data RD (DO, Dl, D2, D3, D4) are 
sequentially output from the clock non-synchronous type 
circuit 1 the delay time td after the first leading 
edge A of the read control signal READ. These read 
data RD (DO, Dl, D2, D3, D4 ) are alternately input to 
the two latch circuits (Lie, Llo) 13e and 13o in the 
storage circuit 11. 

In the storage circuit 11 of the present invention, 
the read data RD (DO, Dl, D2, D3, D4) are input to the 
latch circuits (Lie, Llo) 13e and 13o in the storage 
circuit 11 on the basis of the control signal RLPLS 
regardless of the clock signal Clock. 

When, for example, the read data RD (DO) is output, 
the control signal RLPLS representing that the read 
data RD is output is immediately set at high level. 
Subsequently, when the control signal Pie is set at 
high level by the transfer timing determining circuit 6, 
the latch circuit (Lie) 13e is ready to receive data. 
As a consequence, the read data RD (DO) is input to the 
latch circuit (Lie) 13e. 

Likewise, the read data RD (D2, D4) are input to 
the latch circuit (Lie) 13e, and the read data RD (Dl, 
D3) are input to the latch circuit (Llo) 13o. 

In this embodiment, the read data RD is kept 
latched in one latch circuit for an interval 



corresponding to two periods (two clocks) of the 
control signal RLPLS. That is, the read data RD may be 
output from the storage circuit 11 in synchronism with 
the clock signal Clock within this interval. 

According to such input operation for the read 
data RD (DO, Dl, D2, D3, D4 ) , even if the period tclk 
of the clock signal Clock is shorter than the delay 
time td (the operating frequency is increased) , the 
control signals Pie and PIo for inputting the read data 
RD into the storage circuit 11 are always set at high 
level ("L" — > "H") after the read data RD (DO, Dl, D2, 
D3, D4) are output from the clock non-synchronous type 
circuit 1, 

This prevents the state (undefined) of the output 
node of the clock non-synchronous type circuit before 
outputting of the read data RD (DO, Dl, D2, D3, D4) 
from being input to the storage circuit 11 when the 
period tclk of the clock signal Clock is shorter than 
the delay time td. 
(2) Read Data Output Operation 

First of all, the read state holding circuit 12 
checks read operation in the clock non-synchronous type 
circuit 1, and generates the control signal RDST that 
is kept at "H" for a period corresponding to the 
duration of the read operation. The PO generating 
circuit 7A then generates the control signal PO by, for 
example, ANDing the control signal RDST and the clock 



signal Clock. 

That is, the latency can be controlled by shifting 
the period of "H" level of the control signal RDST (the 
length of the period of "H" level depends on the number 
of read data) . Since this embodiment is based on the 
premise that the latency is "3", the control signal 
RDST is kept at "H" in the interval between the first 
leading edge (point A) of the read control signal READ 
and the next leading edge. 

A PO generating circuit (transfer timing 
determining circuit) 7 outputs the control signal PO 
having a clock count corresponding to a data read count, 
and read data are sequentially output from the storage 
circuit 11 in accordance with this control signal PO. 

When, for example, the control signal PO is set at 
high level, the latch circuit (L2) 13q on the output 
stage is read to receive data. At the first leading 
edge of the control signal PO, the control signal PS is 
at ff L", and hence the data QRe in the latch circuit 
(Lie) 13e on the input stage is transferred to the 
latch circuit (L2) 13q on the output stage. At the 
second leading edge of the control signal PO, the 
control signal PS is at "H", and hence the data QRo in 
the latch circuit (Llo) 13o on the input stage is 
transferred to the latch circuit (L2) 13q on the output 
stage . 

In this manner, the data QRe (DO, D2, D4) in the 
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latch circuit (Lie) 13e on the input stage and the data 
QRo (Dl, D2, D4) in the latch circuit (Llo) 13o on the 
input stage are sequentially transferred to the latch 
circuit (L2) 13q on the output stage. 
5 In this embodiment, the read data RD is kept 

latched in one latch circuit for an interval 
corresponding to two periods (two clocks) of the 
control signal RLPLS . That is, the read data RD may be 
extracted from the storage circuit 11 in synchronism 
10 with the clock signal Clock. 

As described above, according to the present 
invention, even if the period tclk of the clock signal 
Clock is shorter than the delay time td, the read data 
RD can be accurately transferred from the clock 
15 non-synchronous type circuit 1 to the clock synchronous 

type circuit 2 while a predetermined latency ("3" in 
this embodiment) is ensured. 
(2) td < tclk 

FIG. 16 shows a timing chart applied to this case. 
20 ® Read Data Input Operation 

The read control signal READ synchronous with the 
clock signal Clock is generated on the basis of the 
clock signal Clock. 

The read data RD (DO, Dl, D2) are output from the 
25 clock non-synchronous type circuit 1 the delay time td 

after the first leading edge A of the read control 
signal READ. That is, the read data RD (DO, D2) are 



input to the latch circuit (Lie) 13e, and the read data 
(Dl) is input to the latch circuit (L2) 13o. 

In this case, in the storage circuit 11 of the 
present invention, the read data RD (DO, Dl, D2) are 
input to the latch circuits (Lie, Llo) 13e and 13o in 
the storage circuit 11 on the basis of the control 
signal RLPLS regardless of the clock signal Clock. 

When, for example, the read data RD (DO) is output, 
the control signal RLPLS representing that the read 
data RD is output is immediately set at high level. 
Subsequently, when the control signal Pie is set at 
high level by the transfer timing determining circuit 6, 
the latch circuit (Lie) 13e is ready to receive the 
read data RD (DO) . As a consequence, the read data RD 
(DO) is input to the latch circuit (Lie) 13e. 

Likewise, the read data RD (D2) is input to the 
latch circuit (Lie) 13e, and the read data RD (Dl) is 
input to the latch circuit (Llo) 13o. 

According to such input operation for the read 
data RD (DO, Dl, D2), even if the period tclk of the 
clock signal Clock is longer than the delay time td, 
(operating frequency is decreased), the control signals 
Pie and PIo for inputting the read data RD into the 
storage circuit 11 are always set at high level ("L" — > 
"H") after the read data RD (DO, Dl, D2) are output 
from the clock non-synchronous type circuit 1. 
This embodiment can therefore prevent the 



following operation. The first read data RD (DO) is 
not input to the storage circuit 11, but the read data 
RD (Dl) is input to the storage circuit 11 first when 
the period tclk of the clock signal Clock is longer 
than the delay time td. 

This also prevents the state (undefined) of the 
output node of the clock non-synchronous type circuit 
after outputting of all the read data RD from being 
input to the storage circuit 11. 
© Read Data Output Operation 

First of all, the read state holding circuit 12 
generates the control signal RDST that is kept at "H" 
level for a period corresponding to the duration of 
read operation. 

The PO generating circuit (transfer timing 
determining circuit) 7A generates the control signal PO 
on the basis of the control signal RDST and clock 
signal Clock. The read data RD is then output from 
the storage circuit 11 on the basis of this control 
signal PO. 

When, for example, the control signal PO is set at 
high level, the latch circuit (L2) 13q is ready to 
receive data. In addition, the control signal PS is 
generated on the basis of the control signal PO. The 
control signal PS is input to the selection circuit 14. 
When the control signal PS is at "L", the selection 
circuit 14 selects the data QRe in the latch circuit 
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(Lie) 13e, and hence the data QRe in the latch circuit 
(Lie) 13e is transferred to the latch circuit (L2) 13q 
on the output stage. 

When the control signal PS is at "H", the 
5 selection circuit 14 selects the data QRo in the latch 

circuit (Llo) 13o, and hence the data QRo in the latch 
circuit (Llo) 13o is transferred to the latch circuit 
(L2) 13q on the output stage. 
□ In this manner, the data QRe (DO, D2, D4) in the 

up 10 latch circuit (Lie) 13e on the input stage and the data 

Ijl QRo (Dl, D3) in the latch circuit (Llo) 13o on the 

ffl input stage are sequentially transferred to the latch 

^ " circuit (L2) 13q on the output stage. 

."S As described above, according to the present 

;/1 15 invention, even if the period tclk of the clock signal 

Clock is longer than the delay time td, the read data 
RD can be accurately transferred from the clock 
non-synchronous type circuit 1 to the clock synchronous 
type circuit 2 while a predetermined latency ("3" in 
20 this embodiment) is ensured. 

5 . Fourth Embodiment 

A storage circuit according to the fourth 
embodiment, which is a modification of the storage 
circuit (latency control circuit) according to the 
25 third embodiment described above, will be described 

bellow. 

FIG. 17 shows a storage circuit (latency control 



circuit) according to the fourth embodiment of the 
present invention . 

A characteristic feature of the storage circuit 
according to this embodiment is that the input timing 
of read data is determined by a clock signal as in the 
prior art instead of "determining the input timing of 
read data in accordance with the control signal RLPLS" 
which is a characteristic feature of the storage 
circuit according to the third embodiment described 
above . 

In this embodiment, the latency is set to "N (N is 
a natural number of three or less)". The storage 
circuit according to the present invention has two 
latch circuits (Lie, Llo) 13e and 13o each having a 
switching function on the input stage, and one latch 
circuit (L2) 13q having a switching function on the 
output stage. 

Although this embodiment uses the latch circuits 
(Lie, Llo, L2) 13e, 13o, and 13q each having the 
switching function, circuits such as flip-flop circuits 
each having the same function as that of a latch 
circuit having a switching function may be used. 

The two latch circuits (Lie, Llo) 13e and 13o on 
the input stage alternately latch read data RD output 
from the clock non-synchronous type circuit (e.g., a 
block having a DRAM function) 1. The output nodes of 
the latch circuits (Lie, Llo) 13e and 13o are connected 



- 50 



to the input node of the latch circuit (L2) 13q on the 
output stage through a selection circuit (e.g., 
multiplexer) 14. 

The selection circuit 14 has the function of 
5 transferring one of data QRe in the latch circuit (Lie) 

13e and data QRo in the latch circuit (Llo) 13o to the 
latch circuit (L2) 13q. 

This embodiment may use latch circuits and 
switching circuits like those shown in FIG. 7 instead 
10 of the latch circuits (Lie, Llo, L2) 13e, 13o, and 13q 

each having the switching function. 

A transfer timing determining circuit 6 is 
provided for the two latch circuits (Lie, Llo) 13e and 
13o each having the switching function on the input 
15 stage, and a transfer timing determining circuit 7 is 

provided for the one latch circuit (L2) 13q having the 
switching function on the output stage. 

The transfer timing determining circuit 6 
generates control signals Pie and PIo for controlling 
20 the operations of the latch circuits (Lie, Llo) 13e and 

13o each having the switching function on the basis of 
a clock signal Clock. 

Since the control signals Pie and PIo are 
alternately set at high level ("L" "H") in 
25 synchronism with the clock signal Clock, the read data 

RD are alternately input to the latch circuits (Lie, 
Llo) 13e and 13o each having the switching function in 
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response to the leading edges of the control signals 
Pie and PIo. 

Note that since the read data RD is not read out 
from the clock non-synchronous type circuit 1 in 
synchronism with clock signal Clock, whether the data 
to be input to a storage circuit 11 is accurate or not 
cannot be determined. 

A read state holding circuit 12 generates a 
control signal RDST that is kept at "H" for the 
duration of read operation on the basis of a read 
control signal READ and the clock signal Clock. The 
control signal RDST is generated in consideration of a 
latency and the relationship between td and tclk. That 
is, the timing at which read data is output from the 
storage circuit 11 is determined by the control signal 
RDST. 

The control signal RDST is input to a PO 
generating circuit (transfer timing determining 
circuit) 7A. The PO generating circuit 7A generates a 
control signal PO on the basis of the clock signal 
Clock and control signal RDST. 

The control signal PO can be obtained by ANDing 
the clock signal Clock and the control signal RDST. 
That is, the control signal PO is synchronous with the 
clock signal Clock and is constituted by only a clock 
count corresponding to a data read count in a clock 
non-synchronous type circuit 1. 
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The latch circuit (L2) 13q on the output stage 
sequentially receives the read data RD output from the 
selection circuit 14 in response to the leading edge of 
the control signal PO. At the same time, the latch 
5 circuit (L2) 13q sequentially outputs the read data RD 

to a clock synchronous type circuit 2. 

A PS generating circuit 15 generates the control 
signal PS for controlling the operation of the 
D selection circuit 14 on the basis of the control signal 

tf} 10 PO. For example, the PS generating circuit 15 changes 

m the level of the control signal PS from "L" to "H" or 

Off from "H" to "L" in response to the trailing edge of the 

s control signal PO. 

™S If, for example, the control signal PS is set at 

tl 15 "L", the selection circuit 14 selects the read data QRe 

J\J (DO, D2, D4) latched in the latch circuit (Lie) 13e, 

and transfers it to the latch circuit (L2) 13q. If the 
control signal PS is at "H" , the selection circuit 14 
selects the read data QRo (Dl, D3) latched in the latch 
20 circuit (Llo) 13o, and transfers the data to the latch 

circuit (L2) 13q. 
6. Others 

The storage circuits according to the first to 
third embodiments will be compared with the storage 
25 circuit according to the fourth embodiment. 

In the storage circuit (latency control circuit) 
according to the fourth embodiment described above, the 



distribution of read data to the latch circuits is 
controlled by using the clock signal Clock instead of 
the control signal RLPLS unlike in the storage circuits 
according to the first to third embodiments. 

In this case, for example, the read data RD is 
output from the clock non-synchronous type circuit 1 
the predetermined delay time td after the read control 
signal READ for encouraging data read operation is 
supplied from the clock synchronous type circuit 2 to 
the clock non-synchronous type circuit (a block having 
a DRAM function) 1. The read data RD read out from the 
clock non-synchronous type circuit 1 is not synchronous 
with the clock signal Clock, and hence the clock 
synchronous type circuit 2 cannot determine the input 
timing of the read data RD. 

In the storage circuit according to the fourth 
embodiment, the time td between the instant at which 
the read control signal READ is supplied to the clock 
non-synchronous type circuit 1 (the read control signal 
READ rises) and the instant at which the read data RD 
is output from the clock non-synchronous type circuit 1 
is estimated in detail, and the clock synchronous type 
circuit 2 determines the input timing of the read data 
RD on the basis of this time td. 

This time td is, however, not always constant, and 
varies due to various factors, e.g., the parasitic 
capacitance produced in a signal line. For this reason, 
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if the read data RD (DO) is output from the clock 
non-synchronous type circuit 1 before the control 
signal Pie rises, no problem arises. If, however, the 
control signal Pie rises before the read data RD (DO) 
5 is output from the clock non-synchronous type circuit 1, 

erroneous data (undefined) may be input to the storage 
circuit 11. 

In contrast to this, in the storage circuits 
Q (latency control circuits) according to the first to 

«3 10 third embodiments, the input timing of read data is 

fH determined by the control signal RLPLS. FIG . 14 shows 

On the storage circuit according to the third embodiment. 

s Therefore, read data from the clock 

J3 non-synchronous type circuit 1 can always be accurately 

%j 15 distributed to the latch circuits in the storage 

2 circuit 11 and input to the clock synchronous type 

circuit 2 in synchronism with the clock signal Clock 
regardless of the relationship between the period 
(frequency) tclk of the clock signal Clock and the time 
20 td between the instant at which read operation is 

started (the read control signal READ rises) and the 
instant at which read data is output. 

The control signal RLPLS is a signal representing 
that the read data RD is output. The control signal 
25 RLPLS always rises from "L" to "H" after the read data 

RD is output regardless of whether the data read time 
td is shortened as shown in FIG. 20, or the data read 
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time td is prolonged as shown in FIG. 21. 

By generating the control signals Pie and PIo on 
the basis of the control signal RLPLS instead of the 
clock signal Clock, therefore, data can always be 
5 accurately transferred from the clock non-synchronous 

type circuit to the clock synchronous type circuit 
regardless of whether the data read time td varies 
while the operating frequency tclk remains constant. 
As has been described above, according to the 

10 first to third embodiments, data can be accurately 

transferred even if the data read time td remains 
constant and the operating frequency tclk varies to 
become td > tclk or td < tclk, or the data read time td 
varies due to some reason while the operation frequency 

15 remains constant. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 

20 shown and described herein. Accordingly, various 

modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



